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A SPECTRAL METHOD FOR A CLASS OF
SYSTEM OF MULTI-DIMENSIONAL
NONLINEAR WAVE EQUATIONS *

XIANG XIN-MIN
(Heslongjiang University, Harbin, China)

In [1,2], the problem of three-dimensional soliton of a class of system for
three—dimensional nonlinear wave equations was investigated, and the existence and
stability of three—dimensional soliton was proved. In [3] the system discussed in {1,2]
was generalized and a more general class of system of multi-dimensional nonlinear
wave equations were studied. It was proved that the solution of its initial-boundary
value problem was well posed under some conditions. This system has been studied
by the finite difference method and the finite element method [4,5]. In this paper,
we take the trigonometric functions as a basis to derive a spectral method for the
system and give a strict error analysis in theory.

1. Notations and Statement of the Problem

We consider the periodic initial value problem of a system of nonlinear wave
equations

e+ ple + i+ flleP)e =0, (z,t) €2 x(0,7T), (1.1)

Ox + 82x + v xlel? + h(x) =0, (z,t) €2 x (0,T], (1.2)

with initial conditions

o
fpl::o = qoo(:::), —th:ﬂ = {01(3), X‘t=0 == xﬂ(a:), %%h:n = xl(z), z € {31, (1.3)

L

2 n. a°
where {1 = [-x, x|, 0 = gtg E = and @(z,t), x(z,t) are unknown complex
i=1 Y%

and real periodic functions respectively. ©,(z), ¥1(z), xo(2), x1(z) are known com-
plex and real valued periodic functions respectively. All of them have the period 2x
for z,,1 < 8 < n,n < 3. f(s) and h(s) are known real functions. u,v,é are real

constants.
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Let I denote the integers. { = (Iy,.-- L) e I*,| 1 | = [max ;] and
<i<n

Sy =Span{th = ¢l e I",| 1] < N}.

Put u(z,t) = E ui(t)e’® and u¥)(z,¢) = >, u(t)e'*!, R (u(z,t)) = u(z,t) —
lcin <N

u¥)(z,1). Define (u,v) = f uvdz. Let H)(01) denote the Sth-order Sobolev spaces
of real or complex valued periodic functions with the norm | - lls- For r > 1, we
denote [Jullzr = (| |ul"dz)"/* and [juflz> = [lu].

Let r be the mesh spacing in time and

u(z,t) = ;(u(a:,t +7) ~ u(z,t)), uyx,t) = ;(u(z,t) - u(z,t — 7)).

In this paper, we assume
(1) £,h € CF, and |1(s)]| < Aos, [1'(s)] < As,e > 0; h(s)| < Bojs[®, |K'(s)
< Bs*, where A;, B;, i=0,1, are positive constants;

(2) F(s) = fu “f(2)dz, H(s)= f "h(z)dz, F(s)>0,6>0, H(s)> 0,6

0
€1—b0; +00);
(3) system (1.1)-(1.3) has solutions, which and the initial data are properly
smooth. For (1.1)-(1.3) we construct the following conservative fully discrete spec-

tral scheme

(@1, %7) + J(V@M (e + 1) + 8Nt - 1)), Vy,) + L (@MW) (2 4 1)
M (E = 1), 45) + S (EMOP@M (@ 4+ 1)+ 8ME - 1)) g;)  (14)
+(FM (e + 1), [8M(e ~ )1)@M(e + 1) + 3z - 1)), 95) = 0,

(@™)(0), %;) = (vo(z), ¥;), (1.5)

(S (8),95) + F(VE® e + 1) + BW(e - 1)), Vy) + S (EW (e 4 1)
+EM( - 1), ;) + S (BWQPFEM(t+ 1) + SW(E - 1)), 9;)  (16)
HHEM( + 1), 2W) (2 - 1)), ;) = 0,

(4‘3(”](0),%') = (xo(z), ¥;), 17| < N, (1.7)

where

T -
F(EI,ZE) s Z3 — 23 ./;1 f(ﬂ)d-ﬁ, if 29 # <2,
f(z1), if 2; = 2z,



